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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the illumination-light study equipment which illuminates the predetermined field on a body to 
homogeneity by the illumination light from an illumination-light study system said illumination-light study 
system Illumination-light study equipment characterized by having a polarization means to form the 
illumination light which carries out the linearly polarized light in the inclination light means forming which 
forms the inclination light which illuminates said predetermined field from across, and the direction which 
intersected perpendicularly to the plane of incidence of said inclination light which changes this inclination 
light and carries out oblique illumination of said predetermined field. 

[Claim 2] In the illumination-light study equipment which has the light source which supplies the 
illumination light, and the condensing optical system which illuminates the predetermined field on a body to 
homogeneity by this illumination light Arrange the inclination light means forming which forms the 
secondary light source which carried out eccentricity to the optical axis of said condensing optical system by 
said illumination light, and illuminates said predetermined field from across between said light sources and 
said condensing optical system, and this inclination light is changed. Illumination-light study equipment 
characterized by having arranged a polarization means to form the illumination light which carries out the 
linearly polarized light in the direction which intersected perpendicularly to the plane of incidence of the 
inclination light which carries out oblique illumination of said predetermined field, between said inclination 
light means forming and said condensing optical system. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is applied to the illumination system of the projection aligner used in 
case a semiconductor device or a liquid crystal display component is manufactured, and relates to suitable 
illumination-light study equipment. 
[0002] 

[Description of the Prior Art] In case a semiconductor device or a liquid crystal display component is 
manufactured using a photolithography technique, the projection aligner which imprints a photo mask or the 
pattern of a reticle (it is hereafter named a "reticle" generically) on a sensitization substrate is used. In this 
projection aligner, to be able to burn a more detailed pattern with high resolution is demanded with high 
integration of a semiconductor device etc. The phase shift reticle method for using the cross protection of 
the light from the area pellucida from which the pattern space of a reticle differs as an approach of realizing 
this is indicated by JP,62-5081 1,B. If this approach is applied to Rhine - and - tooth-space image, the zero- 
order diffracted light will be lost fundamentally, and it becomes the image formation only by the primary 
[ **] diffracted light, and Rhine - more detailed than the case of the conventional reticle and - tooth-space 
image can be burned in high resolution also by the projection optics of the same numerical aperture. 
[0003] Moreover, as another approach for raising resolution more, an illumination-light study system is 
devised and the approach which is high resolution and can be burned with the comparatively deep depth of 
focus in a detailed pattern is proposed by these people (for example, collection of March, 1 992 applied 
physics relation union lecture meeting drafts 30-a-NA -3, 4 reference). Below, the approach is explained per 
the approach with reference to "two or more oblique illumination method", a call, and drawing 8 . First, 
drawing 8 (a) shows the equivalence light source sections 1 0, such as the secondary light source sections in 
the illumination-light study system which applied two or more oblique illumination method, and the four 
small light sources 1 1 A- 1 1 D are arranged in accordance with the symmetrical shaft in this drawing 8 (a) 
about shaft x' which crosses at 45 degrees to the x axis and the y-axis which form a rectangular coordinate 
system, respectively and this shaft x\ and the y-axis. In the case of Rhine - and - tooth-space pattern with 
which the pattern of the reticle made applicable to an imprint has a long edge mainly parallel to a x axis, or a 
long edge parallel to the y-axis, the array of these small light sources 1 1 A- 1 ID is suitable. 
[0004] Drawing 8 (b) shows the outline configuration of the projection aligner which makes the light source 
the equivalence light source section 10 of that drawing 8 (a), and is aslant irradiated by the reticle 12 to an 
optical axis AX in this drawing 8 (b) through the condenser-lens system in which chief ray 15A of the 
illumination light from small light source 1 1 A of the equivalence light source section 10 carried out the 
illustration abbreviation. The equivalence light source sections 10 are pupil surface (entrance pupil side) 
10A of projection optics 13, and conjugation, and aperture-diaphragm 13a is prepared in this pupil surface. 
From the reticle 12, zero-order diffracted-light (this is also expressed with sign 15 A) and primary diffracted- 
light 16A is mostly injected by the symmetry to an optical axis AX, and these zero-order diffracted-light 
15A and primary diffracted-light 16A carry out incidence of the **** for projection optics 13 to the wafer 
14 as a sensitization substrate by the almost same incident angle theta. In this case, in order that zero-order 
diffracted-light 15A and the primary diffracted light may receive optical-axis AX and may pass near the 
periphery of a pupil to the symmetry, the resolution to the performance limit of projection optics 13 is 
obtained. 

[0005] Moreover, by the method in which the zero-order diffracted light carries out incidence at right angles 
to a wafer 14 like before, since the wave aberration of the zero-order diffracted light to the amount of 
defocusing of a wafer 14 differs from the wave aberration of other diffracted lights greatly, the depth of 
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focus is shallow. On the other hand, with the configuration of drawing 8 (b), in order that the zero-order 
diffracted light and the primary diffracted light may carry out incidence to a wafer 14 by the equal incident 
angle, the depth of focus on which a phase etc. spreads the wave aberration of the zero-order diffracted light 
in case a wafer 14 is before and behind the focal location of projection optics 13, and the primary diffracted 
light is deep. 
[0006] 

[Problem(s) to be Solved by the Invention] It is effective if it is Rhine [ of the direction of a x axis, or the 
direction of the y-axis ] -, and - tooth-space pattern 8 by the two or more oblique illumination method. As 
shown in drawing 9 , a long edge receives a x axis or the y-axis. On the other hand, in the case of Rhine [ of 
a 45-degree direction ] -, and - tooth-space pattern 9 Supposing 10A is the pupil of projection optics, the 
diffracted light from small 2 [ 1 IB and 1 ID ] of the four small light sources 1 1 A-l ID of drawing 8 (a) Only 
the zero-order diffracted lights 15B and 15D pass pupil 10A of a projection lens, and in order that the 
primary [ **] diffracted lights 16B and 16D may not pass pupil 10A, they will not form a pattern on a wafer 
14 and will only illuminate a wafer 14 uniformly. Consequently, the contrast of the pattern on a wafer 14 
will fall. 

[0007] Easy numerical calculation shows this. The strength of the primary [ **] diffracted light to the 
strength of the zero-order diffracted light is set to a, and it is considered that each smallness light sources 
1 1 A-l ID are the point light sources. At this time, Rhine - long in the direction of the y-axis and image 
intensity-distribution [ on the x axis in the case of - tooth-space pattern ] I (x) are as follows as the sum of 
the image intensity distribution by each smallness light source. 
[Equation 1] 

I(x) =4 { 1 +a2+2 a-cos[(4 pi/lambda) (sintheta) x] } 

[0008] Here, the incident angle theta is an angle which the zero-order diffracted light or the primary [ **] 
diffracted light makes with an optical axis AX, as shown in drawing 8 (b). On the other hand, when x' shafts 
are set as the axis of coordinates of the direction of 45 degree in the case of Rhine - and - tooth-space pattern 
long in the direction which intersects a x axis or the y-axis at 45 degrees, intensity distribution I (x f ) are as 
follows. 
[Equation 2] 

I(x') = 2 {l+a2+2 a-cos [(4 pi/lambda) (sintheta) x]} 
+2{1} 

= 4 {l+(a2 / 2)+a-cos [(4 pi/lambda) (sintheta) x]} 

[0009] (Several 1) It is as follows when it asks for the contrast Cx of each intensity distribution, and Cx 1 
from reaching (several 2). 
[Equation 3] 

Cx=2a/(l-fa2), Cx'=a/( 1 +a2/2) 

[0010] In this case, a degree type is materialized. 

Cx-Cx -a/{(l+a2) (l+a2 / 2)}> 0, therefore a degree type are materialized. 

[Equation 4] Cx>Cx' [001 1] Therefore, the fall of the contrast of a long pattern is shown in the direction 
which intersects a x axis at 45 degrees. For example, since a is set to2/pi in the strength of the primary [ **] 
diffracted light when the width of face of Rhine and a tooth space is equal, it becomes like a degree type. 
Cx=0.906, Cx— 0.529[0012] In addition, although above-mentioned explanation explained the case of two or 
more oblique illumination method as an example, even when zona-orbicularis illumination etc. is used, for 
example, to improve the contrast of an image more is desired. In the illumination-light study equipment 
which illuminates a reticle etc., using positively the illumination light toward which this invention inclined 
to the optical axis in view of this point When patterns, such as the reticle, are Rhine - and - tooth-space 
patterns which make a longitudinal direction a direction perpendicular to the plane of incidence of the 
illumination light When patterns, such as the reticle, are projected by projection optics, it aims at enabling it 
to improve the contrast of the image with the device by the side of illumination-light study equipment. 
[0013] 

[Means for Solving the Problem] In the illumination-light study equipment to which the 1st illumination- 
light study equipment by this invention illuminates the predetermined field on a body (12) to homogeneity 
by the illumination light from an illumination-light study system as shown in drawing 3 The inclination light 
means forming which forms the inclination light (27B, 27C) in which the illumination-light study system 
illuminates the predetermined field from across (24), This inclination light is changed and it has a 
polarization means (25B, 25C) to form the illumination light which carries out the linearly polarized light in 
the direction which intersected perpendicularly to the plane of incidence of that inclination light that carries 
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out oblique illumination of that predetermined field. 

[0014] Moreover, the 2nd illumination-light study equipment is set to the illumination- light study equipment 
which has the light source (20) which supplies the illumination light, and the condensing optical system (26) 
which illuminates the predetermined field on a body (12) to homogeneity by this illumination light, as 
shown in drawing 3 . The inclination light means forming (24) which forms the secondary light source 
which carried out eccentricity to the optical axis of the condensing optical system by the illumination light, 
and illuminates the predetermined field from across is arranged between the light source (20) and its 
condensing optical system (26). This inclination light is changed and a polarization means (25B, 25C) to 
form the illumination light which carries out the linearly polarized light in the direction which intersected 
perpendicularly to the plane of incidence of the inclination light which carries out oblique illumination of 
that predetermined field is arranged between that inclination light means forming (24) and its condensing 
optical system (26). 
[0015] 

[Function] Hereafter, the illumination light from the four small light sources which carried out eccentricity 
per principle of this invention explains taking the case of two or more oblique illumination method which 
illuminates a body. First, according to the 1st illumination-light study equipment of this invention, as shown, 
for example in drawing 3 , the inclination light (27B, 27C) which illuminates an objective (12) 
predetermined field from across is formed, and the linearly polarized light (an electric vector vibrates in the 
direction perpendicular to plane of incidence) of these inclination light (27B, 27C) is carried out in the 
direction perpendicular to the plane of incidence (space) to a body (12), respectively. In addition, the 
linearly polarized light means the condition that the oscillating direction of the electric vector of a light 
wave is in 1 flat surface, and the oscillating direction of an electric vector is defined as the direction of the 
linearly polarized light. Moreover, with plane of incidence, when light arrives at the interface of a medium, 
it is defined as the thing of a field including the normal of the field in the point, and the direction of 
incidence of light. If the illumination-light study equipment of the drawing 3 is simplified, it will become 
like drawing 1 . 

[00 1 6] Drawing 1 (a) shows the equivalence light source sections 1 0, such as the secondary light source 
sections of the illumination-light study equipment of drawing 3 , and the four small light sources 1 1 A-l ID 
are arranged in accordance with the symmetrical shaft in this drawing 1 (a) about shaft x' which crosses at 
45 degrees to the x axis and the y-axis which form a rectangular coordinate system, respectively and this 
shaft x 1 , and the y-axis. 

[0017] Drawing 1 (b) shows the outline configuration of the projection aligner which used the illumination- 
light study equipment of that drawing 3 , and its equivalence light source section 10 is equal to the 
equivalence light source section of drawing 1 (a) in this drawing 1 (b). Chief ray 15A of the exposure light 
from small light source 1 1 A of the equivalence light source section 10 is aslant irradiated by the reticle 12 to 
an optical axis AX through the condenser-lens system which carried out the illustration abbreviation. The 
chief ray 15A corresponds to the inclination light (27B, 27C) of drawing 3 . Since the plane of incidence of 
the chief ray 15A is parallel to the space of drawing 1 (b), according to this invention, the linearly polarized 
light (an electric vector vibrates in the direction perpendicular to space) of the chief ray 15A is carried out in 
the direction perpendicular to the space of drawing 1 (b), and it carries out incidence to a reticle 12. 
Similarly, in drawing 1 (a), the linearly polarized light of the light from each smallness light sources 1 1B- 
1 ID is carried out in the direction, i.e., the direction perpendicular to the plane of incidence to a reticle 12, 
of the arrow head of drawing 1 (a), and it carries out incidence to the reticle 12 of drawing 1 (b). 
[0018] Moreover, incidence of the zero-order diffracted light (this is also expressed with sign 15 A) from a 
reticle 12 and the primary diffracted-light 16A is carried out on a wafer 14 through projection optics 13. 
First, supposing the patterns formed in the reticle 12 are Rhine - long in a direction parallel to the x axis or 
the y-axis of drawing 1 (a) which is a suitable pattern for the conventional example, and - tooth-space 
pattern, since the polarization direction is the direction of 45 degree to the pattern, the illumination light 
diffracted in x directions or the direction of y with the pattern is in the same image formation situation as 
random polarization. Therefore, contrast is the same as the conventional example. 
[0019] On the other hand, supposing the patterns formed in the reticle 12 are Rhine - long in a direction 
perpendicular to x 1 shafts of drawing 1 (a), and - tooth-space pattern 9, the primary diffracted light of 
illumination-light 15A from small light source 1 1A will enter in the pupil of projection optics 13. In 
addition, in drawing 1 (b), x f shafts are space and parallel. Here, as shown in drawing 1 (b), zero-order 
diffracted-light 15A and primary diffracted-light 15B of the illumination-light 15A are S polarization (light 
to which an electric vector vibrates in the direction perpendicular to the space of drawing 1 (b)) with both 
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the polarization directions (direction where an electric vector vibrates) parallel on the front face of a wafer 
14. Therefore, it becomes larger than the time of the cross protection on a wafer 14 being random 
polarization, and the image of high contrast is made. For this reason, when it diffracts in the direction of x', 
and a part of diffracted light comes out of a pupil, conventional un-arranging [ that contrast falls ] will be 
compensated [ as explained using drawing 9 , ]. 

[0020] Here, the difference of the intensity distribution by the polarization direction is described below 
briefly. Drawing 2 has shown the situation the image surface, i.e., near the front face of a wafer 14, using P 
polarization (light which has the oscillating direction of an electric vector in plane of incidence), and S 
polarization (Hght with the oscillating direction of an electric vector perpendicular to plane of incidence). It 
is the incident angle of zero-order diffracted-light 1 5 A and primary diffracted-light 1 6A, respectively theta 0 
And theta 1 When it carries out, the intensity distribution Is on the image surface in S polarization (x) are 
briefly shown as follows using amplitude distribution Us (x). 
[Equation 5] 

Is(x) =|Us(x) |2 Vs(x) =a0 and exp [-i(2 pi/lambda) (sinthetaO) x] 
+ al and exp [-i(2 pi/lambda) (sintheta 1) x] 
[0021] Therefore, intensity distribution Is (x) are as follows. 
[Equation 6] 

Is(x) =a02+al2+2a0 al and cos [(2 pi/lambda) (sinthetaO-sinthetal) x] 

Here, it is a multiplier aO. And al It is the (amplitude) in the strength of the zero-order diffracted light and 
the primary diffracted light, respectively. In the case of Rhine - and - tooth-space pattern which have a pitch 
in the direction of x ! , since, as for two, only the zero-order diffracted light passes projection optics 13 among 
the four small light sources, the contrast Cs of S polarization is as follows. 
[Equation 7] Cs=2a0al/(2a02+al2) 

[0022] On the other hand, in P polarization, x components and z component of polarization must be 
considered. A degree type will be obtained, if the amplitude distribution Up on the image surface in P 
polarization (x) is expressed with a vector and x components and z component are shown. 
[Equation 8] 

Up (x) = () [ aO, exp [-i(2 pi/lambda) (sin thetaO) x], and ] [ cos thetaO] + al and exp [-i(2 pi/lambda) (sin 
thetal) x] and cos thetal, aO and exp [-i(2 pi/lambda) (sin thetaO) x] and sin thetaO +al and exp [-i(2 
pi/lambda) (sin thetal) x] and sin thetal 

[0023] Therefore, the intensity distribution Ip on the image surface in P polarization (x) are as follows. 
[Equation 9] 

Ip(x) =|Up(x) |2 =a02+al2+2a0 al x (costhetaO costhetal-f sinthetaO sintheta 1) 

xcos[(2 pi/lambda) (sinthetaO-sinthetal) x] 

[0024] Therefore, the contrast Cp in P polarization is as follows. 

[Equation 10] 

Cp=2a0 al cos(theta0-thetal)/(2a02+al2) 

(Several 7) (several 10) is compared and, in P polarization, it turns out that contrast becomes cos (thetaO- 
thetal) twice. For example, considering the case of sinthetaO =0.4 and sinthetal =-0.4, it is set to cos(theta0- 
thetal) =0.68 and, the case of P polarization, and in the case of S polarization, a big difference sticks. Since 
random polarization is considered to be an average with P polarization and S polarization, contrast is =(1 
(l/2)+0.68) 0.84. 

[0025] Thus, a big difference arises in contrast by considering as S polarization. That is, when the 
illumination light of a polarization condition like drawing 1 (a) is used, the increment in the contrast of 
about twenty percent is conventionally expected to Rhine - with an parallel edge, and - tooth-space pattern 
in the direction which crosses at 45 degrees to a x axis and the y-axis, and it turns out that it is effective in a 
detailed pattern. 

[0026] In addition, what is necessary is just to change into the light which carries out the linearly polarized 
light of the light from the light source of the shape of zona orbicularis of the equivalence light source section 
10 to a direction respectively perpendicular to plane of incidence, i.e., the tangential direction of the circle 
centering on an optical axis, as shown, for example in drawing 7 (a) if this invention is applied to for 
example, zona-orbicularis illumination although explained until now taking the case of two or more oblique 
illumination method. 

[0027] Next, according to the 2nd illumination-light study equipment of this invention, as shown, for 
example in drawing 3 , the secondary light source which carried out eccentricity by the illumination light 
from the light source although inclination light is formed is formed. If it considers that the secondary light 
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source is the equivalence light source 10 of drawing 1 (a), above-mentioned explanation will be applied also 

to this invention as it is. 

[0028] 

[Example] Hereafter, with reference to drawing 3 and drawing 4 , it explains per 1 st example of the 
projection aligner equipped with the illumination-light study equipment by this invention. This example 
applies this invention to the illumination-light study system of a projection aligner. The illumination-light 
study system of the projection aligner of this example is shown, the illumination light from the light source 
20 which consists of a mercury lamp is condensed in the ellipse mirror 21 in this drawing 3 , and this 
condensed illumination light carries out incidence of drawing 3 to the fly eye lens 23 (optical integrator) 
through a collimator lens 22. Field-like the secondary light source is formed in the focal plane by the side of 
injection of the fly eye lens 23 (reticle side). 

[0029] The spatial filter 24 with which four openings which carried out eccentricity to the optical axis AX 
were formed near the injection edge of the fly eye lens 23 is formed. Moreover, polarizing plates 25A-25D 
are put on the reticle, side (or it may be a light source 20 side) of four openings of this spatial filter 24, 
respectively. However, in drawing 3 , only polarizing plates 25B and 25C have appeared. As drawing 4 (a) 
is a sectional view which meets AA line of drawing 4 (a) and shows the front view which looked at the 
spatial filter 24 of drawing 3 from the reticle side, and drawing 4 (b) to these drawing 4 (a) and (b), four 
openings 24a-24d are formed in a spatial filter 24 at intervals of 90 degrees centering on an optical axis AX, 
and these openings are covered with polarizing plates 25A-25D, respectively. Moreover, the polarization 
direction of these polarizing plates 25A-25D is set as the tangential direction of the periphery centering on 
an optical axis AX, respectively, as an arrow head shows. Therefore, the linearly polarized light of the 
illumination light injected from the openings 24a-24d of the spatial filter 24 is carried out in the direction 
respectively almost parallel to the tangential direction of the periphery centering on an optical axis AX. 
[0030] The four secondary light sources which carried out eccentricity to drawing 3 to the optical axis AX 
with return and a spatial filter 24 are formed. After the illumination light injected from these four secondary 
light sources passes polarizing plates 25A-25D, respectively, incidence of it is carried out to a reticle 12 
through the condenser-lens system 26. In addition, the spatial filter 24 (polarizing plates 25A-25D) is 
formed in the before [ the condenser-lens system 26 ] side focal (light source side focus) location, and the 
pattern formation side of a reticle 12 has the arrangement side of a spatial filter 24, and the relation of the 
Fourier transform about the condenser-lens system 26. Incidence of the chief rays 27B and 27C injected 
from the openings 24b and 24c of a spatial filter 24 in this case is aslant carried out to an optical axis AX 
through the condenser-lens system 26 on a reticle 12, respectively. Moreover, the linearly polarized light of 
these chief rays 27B and 27C is carried out in the perpendicular direction to the plane of incidence (the 
direction of space) to a reticle 1 2, respectively. 

[003 1 ] When Rhine - which has a long edge, and - tooth-space pattern are formed in the parallel or 
perpendicular direction to the straight line which connects the openings 24a and 24c of drawing 4 (a) on a 
reticle 1 2 as principle explanation of this invention explained for example, if such an illumination-light 
study system is used, the pattern can be projected on a wafer 14 through projection optics 13 under good 
contrast rather than before. Here, the incidence side face and body side (the reticle 12 or wafer 14) of the fly 
eye lens 23 are constituted by conjugate, and the injection side face (secondary light source 10) of the fly 
eye lens 23 and pupil surface 10A of projection optics 13 are constituted from equipment of drawing 3 by 
conjugate, in addition, another big polarizing plate between [ other than the configuration of drawing 3 ] the 
fly eye lens 23 and a spatial filter 24 — arranging — a part of four openings 24a-24d of a spatial filter 24 — or 
— all — alike — 1/2 wavelength plate — arranging — every — you may make it adjust the angle of rotation of 
1/2 wavelength plate The illumination light which polarized also by this to the tangential direction of the 
periphery centering on the optical axis AX as shown in drawing 4 (a) is obtained. In this case, therefore, it is 
necessary to form ** and 1/2 wavelength plate in the polarization direction of another big polarizing plate at 
no openings of a spatial filter 24. 

[0032] furthermore — for example, — the case where the whole spatial filter 24 of drawing 3 which serves as 
the equivalence light source by using the laser light source by which the laser beam of the linearly polarized 
light is injected as the light source is illuminated by the illumination light of the linearly polarized light — a 
part of four openings 24a-24d of a spatial filter 24 — or what is necessary is just to boil all and to form 1/2 
wavelength plate of a suitable hand of cut In this case, although it is also good for a part of openings to form 
1/2 wavelength plate, it is effective when the way which forms 1/2 wavelength plate in all openings reduces 
the variation in lighting. Thus, when the polarization direction is adjusted using 1/2 wavelength plate, since 
there is no loss of the illumination light, lighting effectiveness is good. 
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[0033] Moreover, when illuminating the spatial filter 24 of drawing 3 used as the equivalence light source 
using the equipment which generates the illumination light of the circular polarization of light as a whole, it 
is good to form the quarter- wave length plate of the suitable hand of cut for each opening of a spatial filter 
24. 

[0034] Next, with reference to drawing 5 , it explains per 2nd example of this invention. Drawing 5 shows 
the projection aligner of this example, and the illumination light from the light source 20 becomes the 
parallel flux of light mostly in this drawing 5 through the ellipse mirror 21, the bending mirror 28, and the 
input lens 29. Supply of the illumination light to the input lens 29 is suspended at any time by bending with 
that ellipse mirror 21 , arranging a shutter 30 between mirrors 28, and closing this shutter 30 with a drive 
motor 3 1 . As the light source. 1 , the excimer laser which generates for example, KrF laser light etc. can be 
used out of a mercury lamp. When using an excimer laser, a beam expander etc. is used instead of the 
optical system to the ellipse mirror 21 - the input lens 29. 

[0035] And the 2nd polyhedron prism 33 which has the heights of the 1st polyhedron prism 32 which has 
the crevice of 4 pyramid molds (pyramid mold), and 4 pyramid molds (pyramid mold) sequentially from the 
input lens 29 is arranged. The illumination light injected from this 2nd polyhedron prism 33 is divided into 
the four flux of lights with equiangular around the optical axis centering on the optical axis. 
[0036] Incidence of the flux of light divided into these four pieces is carried out to the fly eye lenses 34 A, 
34B, 34C, and 34D of the 2nd group, respectively. Although only the fly eye lenses 34A and 34B are shown 
by drawing 5 , on both sides of the optical axis, two fly eye lenses 34C and 34D are arranged in the direction 
perpendicular to the space of drawing 5 . And the flux of light injected from fly eye lens 34A is mostly 
changed into the parallel flux of light through the guide optical system which consists of lens systems 35 A 
and 36A, and carries out incidence to fly eye lens 37A of the 1st group. Similarly the flux of light which 
injected fly eye lens 34B of the 2nd group It is mostly changed into the parallel flux of light through the 
guide optical system which consists of lens systems 35B and 36B, and incidence is carried out to fly eye 
lens 37B of the 1st group. Incidence of ** which carries out an illustration abbreviation, and the flux of light 
which injected the fly eye lenses 34C and 34D of the 2nd group is carried out to the fly eye lenses 37C and 
37D of the 1st group through guide optical system, respectively. 

[0037] The fly eye lenses 37A-37D of the 1st group are arranged at intervals of 90 degrees around the 
optical axis. Although field-like the secondary light source is formed in the reticle side focal plane of the fly 
eye lenses 37A-37D of the 1st group, respectively, the adjustable aperture diaphragms 38A-38D are 
arranged to the forming face of these secondary light sources, respectively. Furthermore, polarizing plates 
39A-39D are arranged, respectively to the reticle side of these adjustable aperture diaphragms 38A-38D. In 
addition, in drawing 5 , only the adjustable aperture diaphragms 13A and 13B and polarizing plates 39A and 
39B have appeared. 

[0038] It is moderately condensed through the auxiliary condenser lens 40, a mirror 41, and the main 
condenser lens 42, respectively, and the illumination light which penetrated and injected polarizing plates 
39A-39D from these adjustable aperture diaphragms 38A-38D illuminates a reticle 12 with an almost 
uniform illuminance. The pattern of the reticle 12 is imprinted for the predetermined contraction scale factor 
beta according to projection optics 13 by the wafer 14 on the wafer stage WS. The polarization direction of 
these polarizing plates 39A-39D is parallel to the tangential direction of the periphery centering on an 
optical axis AX. For example, chief ray 43 A of the flux of light penetrated and injected carries out incidence 
of adjustable aperture-diaphragm 38A to the polarizing plate 39A aslant to an optical axis AX on a reticle 
12, where the linearly polarized light is carried out in the direction perpendicular to space. In addition, the 
polarizing plates 39A-39D shown in drawing 5 are substantially formed in the before [ the condenser-lens 
system of the synthetic system of the auxiliary condenser lens 40 and the main condenser lens ] side focal 
(light source side focus) location, and this location is pupil surface 10A of projection optics 13, and 
conjugation substantially. 

[0039] The contrast of the projection image on Rhine [ of the predetermined direction of / on a reticle 12 ] - 
and the wafer 14 of - tooth-space pattern is improvable with this example. Furthermore, since the fly eye 
lenses 34A-34D of the 2nd group other than the fly eye lenses 37A-37D of the 1st group are formed, the 
homogeneity of the illuminance on a reticle 12 is improved further. In addition, in drawing 5 , polarizing 
plates 39A and 39B may be arranged, for example in the locations 44A and 44B between relay optical 
system, respectively, and may be arranged in the location of further others. Moreover, when the illumination 
light from the light source 20 is already the linearly polarized light, 1/2 wavelength plate may be used 
instead of polarizing plates 39A and 39B. 

[0040] Next, with reference to drawing 6 and drawing 7 , it explains per 3rd example of this invention. This 
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example changes the spatial filter 24 of the 1st example shown in drawing 3 explained previously, and 
shows the example which formed the spatial filter 240 which has opening 240a of the shape of **** zona 
orbicularis shown in drawing 6 (a) in the injection side of the fly eye lens 23. The secondary light source 45 
of the shape of zona orbicularis which carried out eccentricity to the injection side of the fly eye lens 23 
from the optical axis AX by arrangement of this spatial filter 240 as shown in drawing 6 (a) is formed, and 
the light from the secondary light source 45 of the shape of this zona orbicularis reaches pupil surface 1 OA 
(entrance pupil side) of projection optics 13 through a condenser lens 26 and a reticle 12, as shown in 
drawing 3 . Here, if the situation of the zero-order diffracted light and the primary diffracted light by Rhine 
[ of a reticle 12 ] - and diffraction operation of - tooth-space pattern is considered in order to simplify 
explanation, as shown in drawing 6 (b), primary diffracted-light 45B of the shape of zona orbicularis to 
which the strike slip of zero-order diffracted-light 45 A of the shape of zona orbicularis [****/ the zona- 
orbicularis light source 45 ] and the zona-orbicularis-like zero-order diffracted-light 45A was carried out 
will be formed in pupil surface 10A of this projection optics 13. 

[0041] In this case, in this example, as shown in drawing 7 (a), the polarizing plate 250 of the shape of zona 
orbicularis which polarizes the illumination light injected from the secondary light source 45 of the shape of 
zona orbicularis of the equivalence light source section 10 to the tangential direction of the periphery 
centering on an optical axis AX, respectively is formed on the spatial filter 240. Thereby, the image of high 
contrast can be obtained to a detailed pattern. In addition, as shown in drawing 7 (b), polarizing plates 
250A-250H are formed on each zone using the spatial filter 240 with opening which divides the zona- 
orbicularis-like light source into each radii-like zone, and you may make it become the illumination light of 
the linearly polarized light of the tangential direction of the periphery centering on an optical axis AX for 
every zone. 

[0042] In addition, as for this invention, it is needless to say that configurations various in the range which is 
not limited to the above-mentioned example and does not deviate from the summary of this invention can be 
taken. 
[0043] 

[Effect of the Invention] According to the 1st [ of this invention ], and 2nd illumination-light study 
equipment, it inclines to a body, and when the pattern on the body is Rhine - and - tooth-space pattern which 
make a longitudinal direction a direction perpendicular to the plane of incidence of the illumination light, 
and the pattern of the body is projected by projection optics, there is [ since the illumination light which 
carries out incidence is polarizing in the direction perpendicular to plane of incidence ] an advantage which 
can improve the contrast of the image sharply. 
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[Procedure amendment 1 ] 
[Document to be Amended] Specification 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] The exposure approach using illumination-light study equipment and this equipment 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] _ _ u . . 

[Claim 1 ] In the illumination-light study equipment which illuminates the predetermined field on a body to 

homogeneity by the illumination light from an illumination-light study system, 
Said illumination-light study system is illumination-light study equipment characterized by having a 
polarization means to form the illumination light which carries out the linearly polarized light in the 
inclination light means forming which forms the inclination light which illuminates said predetermined field 
from across, and the direction which intersected perpendicularly to the plane of incidence of said inclination 
light which changes this inclination light and carries out oblique illumination of said predetermined field. 
[Claim 2] In the illumination-light study equipment which has the light source which supplies the 
illumination light, and the condensing optical system which illuminates the predetermined field on a body to 
homogeneity by this illumination light, m # 

The inclination light means forming which forms the secondary light source which earned out eccentricity 
to the optical axis of said condensing optical system by said illumination light, and illuminates said 
predetermined field from across is arranged between said light sources and said condensing optical system, 
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Illumination-light study equipment characterized by having changed this inclination light and having 
arranged a polarization means to form the illumination light which carries out the linearly polarized light in 
the direction which intersected perpendicularly to the plane of incidence of the inclination light which 
carries out oblique illumination of said predetermined field, between said inclination light means forming 
and said condensing optical system. 

[Claim 3] The exposure approach characterized by illuminating the reticle as said body using illumination- 
light study equipment according to claim 1 or 2, and imprinting the pattern of said reticle. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0012 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0012] In addition, although above-mentioned explanation explained the case of two or more oblique 
illumination method as an example, even when zona-orbicularis illumination etc. is used, for example, to 
improve the contrast of an image more is desired. In the exposure approach which uses the illumination- 
light study equipment and such illumination-light study equipment which illuminate a reticle etc., using 
positively the illumination light toward which this invention inclined to the optical axis in view of this point 
When patterns, such as the reticle, are Rhine - and - tooth-space patterns which make a longitudinal 
direction a direction perpendicular to the plane of incidence of the illumination light When patterns, such as 
the reticle, are projected by projection optics, it aims at enabling it to improve the contrast of the image with 
the device by the side of illumination-light study equipment. 
[Procedure amendment 4] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0014 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0014] Moreover, the 2nd illumination-light study equipment is set to the illumination-light study equipment 
which has the light source (20) which supplies the illumination light, and the condensing optical system (26) 
which illuminates the predetermined field on a body (12) to homogeneity by this illumination light, as 
shown in drawing 3. The inclination light means forming (24) which forms the secondary light source which 
carried out eccentricity to the optical axis of the condensing optical system by the illumination light, and 
illuminates the predetermined field from across is arranged between the light source (20) and its condensing 
optical system (26). This inclination light is changed and a polarization means (25B, 25C) to form the 
illumination light which carries out the linearly polarized light in the direction which intersected 
perpendicularly to the plane of incidence of the inclination light which carries out oblique illumination of 
that predetermined field is arranged between that inclination light means forming (24) and its condensing 
optical system (26). Moreover, the exposure approach by this invention illuminates the reticle as the body 
using the illumination-light study equipment of this invention, and imprints the pattern of the reticle. 
[Procedure amendment 5] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0028 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0028] 

[Example] Hereafter, with reference to drawing 3 and drawing 4, it explains per 1 st example of this 
invention. This example applies this invention to the illumination-light study system of a projection aligner. 
The illumination-light study system of the projection aligner of this example is shown, the illumination light 
from the light source 20 which consists of a mercury lamp is condensed in the ellipse mirror 21 in this 
drawing 3, and this condensed illumination light carries out incidence of drawing 3 to the fly eye lens 23 
(optical integrator) through a collimator lens 22. Field-like the secondary light source is formed in the focal 
plane by the side of injection of the fly eye lens 23 (reticle side). 
[Procedure amendment 6] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0043 
[Method of Amendment] Modification 
[Proposed Amendment] 
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[0043] 

[Effect of the Invention] According to this invention, it inclines to a body, and when the pattern on the body 
is Rhine - and - tooth-space pattern which make a longitudinal direction a direction perpendicular to the 
plane of incidence of the illumination light, and the pattern of the body is projected by projection optics, 
there is [ since the illumination light which carries out incidence is polarizing in the direction perpendicular 
to plane of incidence, ] an advantage which can improve the contrast of the image sharply. 

[Translation done.] 
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"Cttfl»HE2 5 B&tf 2 5 CO^^StiTt^o 0 4 
(a) ti03O$H7^;l/^-2 4*U**/MB!Kp&Ji 
fcJEmm. 04 (b) t£H4 (a) 0AAtt(c»5Vrfi 

Cfi£04 (a) Rtf (b) iCTrs-r^oic. 
Qmy*?V2-2 4tettJtt«[|AX**iL^bT. 9 0° 
R8WC 4 (B<DMQ 2 4 a -2 4 dtfffM^n, cn£0a 

□>b^n ; pn{i7ttg2 5 a~2 5 Dtibnxi^o s 

fc. ; E-n6fiJt«2 5 A-2 5 DOfift^ffnJti^n^tt 
*WT*^rf «»AX«:cfiiui:bfcRjao»l8* 

<DBflP2 4 a-2 4 d fr&WfflSftfcBHrofctt, 



(5) 4#HPF6-5 3 12 0 



tifttt A X*<W>£ bfenHO»»*filk:«ff¥ff 
ItUfcSOfifiJfcbTV'So • 

[0 03 0] ^H^-<;l/^~2 4tc<kDft 

fft A X K*t b Tflto bfc 4ffltD2 «JtB3WB*?h*« 

*ns4fflo2^»^6Wiijsn/fc!!HWitttt*n< r n 

ffiftffi2 5 A — 2 5 D*iI»b;fc&KU 3>-r>1J-— U 

>XS2 6^STW;l/i 2 (CAM?*. i», 3yf 
b>XfS2 6 GAMMA Gtt«ffll«uiSt) teBtc 

«\ SK7^;^-2 4 (M2 5A-2 5D) sb^S 
io It&tlTfeD. b^;bl 2(D/^->itt^>f 

b>X?6 2 6fcHI8bT£ra7-r;l/*— 2 4 gdBEB 
Sfc:7-yx2»<D|!t|flMcfcs 0 0!l*fcf£lffl 
7-r;l/*— 2 4 0B8P2 4 bRtf 2 4 cfr&WfcHSttfc 
±*fcta2 7 BRtf2 7 CCirJV-rVI^— U>X3R2 6^ 
gtfnfni/f^;H 2±fc#HAXfc»bT»*K: 
ASTTSo £fc, C*lS±ft|g2 7 BSt/2 7 Cli^tl 

fni/f^i 2fc»-r«A».ffi (Jfiffi73fqj) ic^tbr 

SS^fp] ISISig^ b T I ^S o 

[0031] c<D&5*!smyt¥i&*mm-r&ts *» 

20 BBOlBareBBTKBabfcJ:^^. tflJAfcf b^*;l/ 1 2± 
£0 4 (a) OHP2 4 a £ 2 4 c fcSttiSMMcJJL 

So CCT\ 77^7^b>X2 3(D 

AS*ffl!lffii:%rf*ffi (b^^;l/l 2Xttr>x/M 4) 

M^M^nr^^ 77^7^b>X2 3co^dbsfflii 

m iz^&tm i o) ^js»3t^i 3comm 1 oaw 

30 «ajC«J5KStlTV^ 0 ftfe, 03cO^OftetC, 7^ 
-T7 T -l'b>'X2 3 ^ffi7-fW-2 4 fcOKKcSU©*: 
*ftffi»fcffi*BBBU ^7-<;l/?-2 4<D4MP 
2 4 a -2 4 d(D— SPX«±ffl^ l/2ifig««:iBBb 
T\ S-l/2ffiSfiOIeHtoft*BSHI^r*«k5fcbTfeJ: 
U\ cntCcfcoTtx 04 (a) tc*rr<fc?£\ 3tWA 

x * * k -r s P3Mi o»«*iqi ^fi^t b fcfiafiijt^w & 

ti> l/2KStS»Sffi7^;^-2 4 0*T^TOBBP 
40 [0 0 3 2] MtC, WI^Cf5t?lS^bTii:^(i7 1 t(DU—tl s 

ttCckt). if*Si:4503^H7YW-2 4(3!) 

2 4Q4fiOgflP2 4 a — 2 4 dO- gP^fcti^: 

^\ z (DWi€>. — SPOBBPJc 1 /2MSWtf*Ktf 
T?fe<fc^^ ±fflc0MP*c l/2«St5*K*tS<5 : 5W 

saw ^y+j&fiatsi w * s o commie 
i / 2 i&m&*mm LT«foer fii*iwi b rcn^tc 



(6) 



«fB8¥6-5 3 12 0 



[0 0 3 3] Sft. £ttfcLTH«3fc©J»l»Jfc*«£-r 

ic^aieliiE^fnjo l / 4»atE*»»Sc k*<«fc^o 
CO 0 3 43 U«c % *5MBO*2*»«Ifc:o*BI5*# 

HfTOJWlcft*, ^OtiP3^2 1 fcjff?>**f59-2 

8fc©HUC5/-v*y#--3 0*KBU C03/+7>^ 3 10 
1 fcLTttu 7j<ffl^>7°con^ N fM^tfK r F If— 

[0 0 3 5] fit, -TX/v hU>X2 9fr&«C, 
XUXA3 2M4ftiS (fcT^SyFS!) cDaSP^W 20 
£Btt:/iJXA3 3^6»aSti«BHBIrt«:. 

[0036] cnz4micftmznrzytm* : tft : eftm 

2m(Oy^^T^\y>X3 4 A. 3 4 B, 3 4C&tf3 
4DlcAS*£-£So 05T*li77^7^UVX3 4 AS 

^tcWllfi«:t*/u7»2ffl07^-r7 > -<U>'X3 4 CRtf3 
4D^iBH«nTV^o fit, 75-<7^l/>X3 4 30 
A^6»BSnfc*jRtt. U>XS3 5AM3 6Ack 

SB 1 P^^^^7^U>X3 7 AtcAtJ-T^o IrUHIC> 
^2^77^7^1/7X3 4 B*a*mLjrc#SS«. U 
>X^3 5 BRtf 3 6 B<fcDa£*V KJtt*3R*^LT 

«raf¥fT)Wfc:K»2nTlB l S©?^ 7-f U>X3 

>X3 4 C&tf3 4 D«r»ttJLfe^tt. ^tl^njff-f 
K)tf M/HT^ 1 S<D77^7-YU>X3 7 C&tf 
3 7Dfc:Affr&o 40 
[0 0 3 7] fg 1 ^77^7^U>X3 7 A- 3 7 D 

teftMKD® Die 9 0 Q BBT*BEB£ttTi^£ 0 SlS<0 
77^7^UVX3 7 A-3 7 D(DU^^;l/ffl!l^ffitC 

tt^ft^nfflfltf) 2*3Hi«««jjl«n**<, fti6 2* 
JfciBOJBflcHJC-tn^tiRraBBPttD 38A-38D^r 
EHtSo MtC, cn&RiaB8PlR0 3 8 A — 3 8D<0 
U^*;MR0lc*n^n(Iftlfi3 9 A- 3 9 D^sas-r 
3o a*5, H5"ettpf«IBPtS!t) 1 3 A. 1 3BMI 
7t1S3 9A, 3 9 BO^tfStlT^So 
[0 0 3 8] ^n^nJ^PfSPSO 3 8 A~~3 8 Dfr&ffl so 
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JttS 3 9 A- 3 9D*aiaLT»aLfeSSWJtttt, ^tl 
fn»3Vf>*-U>X4 0, ^v-4 1 RLF^n 

>f^-i/>'X4 2^mrmmzmt^nx\y^^)\y 
1 2*«ffjs— aBa*Tsawr*o 20 

^x;m 4fc»fSo»/h<&*/5TK^*n*o ^ne 

{Ift«3 9 A~3 9 D©l**lRltt, ««AX«*6t 

•r*P3so»»*rqifc¥ff-efeSo fifOittfRneiBPtto 

3 8 A36>6fflJtt«3 9 A*aaLT»a*tl*3e5RO± 
ft?g4 3Ati N IKffifcSiia*fRltS«li«Ufctt®T 

2±*cft»UXfcttLTfl»k:AS*-r3o a 

43, B5*C^bfcfflJt«3 9 A~3 9 DJi, giaWtC. 

ttanv-rvif— U>X4 0 ^nvxv-tf-— U>X£ 

j£0 ffil^snTfeD, c©ffiBtillRWfc:i8Kft 
^1 3(Dtffil 0A4:ft8?$*o 
[0 0 3 9] #08lCj:oTfe> l/f^W2l(D|^ 

S lS077-<7^l/>X3 7 A — 3 7 DOffitCgl 
2m<Oy^^T^\^>X3 4 A~3 4 DtfiStf SttTV* 

«OT% l/f *;H 2±OR*Oi9-tt#Bi:a»Sh 

TV>5o a 43. B5lCftl^T. I)tfi3 9AStf3 9B 
tt^-tl^nffJiLtf U U— %¥^<DHO{4S4 4 A&tf 4 

4 BtcgSBLTt J:<> M£{fi<D{fcfitclEBLTt>J: 
«t < 5a»-&^tt. «tt«3 9 ARtf 3 9 BOtttatHc 1 

[0 0 4 0] 3WC* *»rao»3*«S0OJCO*H6 2atf 

3K^-rBlHDHiffilOffln7-<;l/*— 2 4*aE*T, B 
6 (a) £S*tt*||«:R©B>P 2 4 0 a *W"r*ffllB 
2 4 0^7^^Z-ri>>X2 3©SfttifflHcK 
^fc0!l*^-rfeOT?fe«o COSH7YW-2 4 0O 
BEB^JctK y^^f UVX2 3<DS*fflfflKa±. d6 

(a) fc^r*0<. ««AX^6«^LftltW«02^ 
ftS4 5«^tl, C©H*R©2&}fciB4 5*>?>0 
3tt*^ 03i:^tJP<^ a>f>^-l/yX2 6, Uf- 
*;H 2^LTM^l 3«1 OA (AWBB 

2^7^> • 7VK • — xomtfift 

mtc&zowmffiytt i*ia»f*i:o«?fc:o^T#it 

COS^7t^l 3(Dlffil OAtC^, B6 

(b) Ic^-rftK, B**6W4 5i:*B(HaiiflrttO0* 
HSf«4 5 Afctt»R0OftD8f*4 5A*«Wtl«-tt 
fcB»«0 1 *0»f}tt4 5 B«WA2tlfi. 

[0 0 4 1 ] COl^ *MT»iB7 (a) tc^"Tcfc3 

*rpJ^ffi*^-li:S«i?SttOffl%*g2 5 0^$Sl|7-fW 
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-2 4o±t»t5nmo cmc£ aaa^*- 

*>> 0 7 (b) icg^r J: 3 £MM^B*nBttQ*!/ 
— >fc^tSB!P*«fO^M7-r;l/*— 2 4 o*JBv> 

T, SV— :/±fcffift|g2 5 0 A~2 5 0Ht»JT, 

[0 0 4 2] *»Wtt±iz8*«iff!lK:«£Sti-r* 
[0 0 4 3] 

[SHU©**] *5geJ3<9!g l &tf fg 2 ©HWBifc^ttBfc: 

can (a) i**mwiz&zmwftmmw(DfgM<Dm 
mem? 2>mmytm*7jk'?m, (b) »bi (a) 

[0 2] *«rao«ao«BI!fc«'r*HT?*4o 

[0 3] 1 SUKMOfSKK^ttBOSRK^ 

[04] (a) ttB3©ai|ll|7-rW-2 4fttflAfi 
2 5 A — 2 5 D^grTIEffiH, (b) (2H4 (a) OA 



[0 5] *«W(DS2iifi6»aoj9KB^B%^-reifiSt 

[06] (a) a*%UOB3fttt0giD«fli3ttBSCf£ 
^7>f^-2 4 0^0, (b) 

2 4 0*JS^fc*IC 1 3 0BT*01hI»t^ 

[07] (a) i*m3M&m(Dmffiytmfrz<Dmwyt<D 
ffiytvm*&'?m. (b) t*a 3 ni&monB&mvmm 

10 ^S^tHTfeSp 

[08] (a) im&mmmw<Dmffiytm*7ik'tm. 
(b) ti0 8 (a) ommytm&m^rcm&<D&myt¥ 
j& 1 3 oKToi°isf^o^ : ?^"r0Tfe^o 
[i 

[^OlftB^] 
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20 1 3 

1 4 
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